Introduction to Girk signaling Signal transduction involving inhibitory (G i/o ) G proteins titrates the excitability of neurons, cardiac myocytes, and endocrine cells, actions crucial for regulating mood and cognition, nociception and antinociception, reward, energy homeostasis, motor activity and coordination, hormone secretion, and cardiac output. Not surprisingly, dysregulation of G i/o -dependent signaling has been linked to several neurological and cardiac disorders. Given this, and because the efficacy of many clinically relevant and abused drugs relates to their actions on G i/o -dependent signaling, it is important that we understand the cellular, subcellular, and molecular details of how such signaling is organized, how it is regulated, and how and when it goes awry.
Girk/Kir3 channels are a common effector for G i/o -dependent signaling pathways in the heart and nervous system [1, 2] . Studies of mutant mice and a more limited set of linkage analyses have suggested that dysregulation of Girk signaling may contribute to particular human diseases and disorders (Table 1) . Although this work suggests that therapeutic approaches targeting Girk channels may prove beneficial in some settings, there is legitimate concern that manipulation of Girk signaling would trigger profound and widespread off-target effects. The goal of this review is to highlight recent developments related to our understanding of Girk channel diversity, compartmentalization, and plasticity. These studies suggest new opportunities for selective manipulation of Girk signaling, efforts that could eventually lead to novel treatments for debilitating human afflictions.
Girk channel structure
Girk channels are tetramers formed by differential multimerization among the products of four genes: Girk1/Kir3.1/ Kcnj3, Girk2/Kir3.2/Kcnj6, Girk3/Kir3.3/Kcnj9, and Girk4/ Kir3.4/Kcnj5 [1,2] ( Figure 1A ). Each Girk subunit possesses intracellular N-and C-terminal domains, and two transmembrane segments that flank a hydrophobic pore domain. Random assembly theoretically allows the formation of many distinct Girk channel subtypes, and alternative splicing of Girk1 and Girk2 gene mRNAs potentially adds an additional spice of diversity (e.g., [3, 4] ). However, two observations suggest that a more limited number of Girk channel subtypes exist in vivo: (i) Girk1 does not form functional homomultimeric channels [5, 6] , an observation attributable at least in part to the absence of an endoplasmic reticulum (ER) export signal that is found in Girk2 and Girk4 [7] . Surprisingly, however, introduction of a single point mutation into the pore domain of Girk1 (F137S) is sufficient to yield functional homomeric channels [8] . Collectively, these findings suggest that, although ER export signals are important, other factors such as protein folding and stability may also influence the trafficking of Girk channels. (ii) The four Girk subunits exhibit overlapping but distinct expression patterns, and this is particularly evident in the nervous system [9, 10] . Indeed, work in the past two decades has clarified the cell type-specific expression patterns of Girk subunits (Box 1). Moreover, recent crystallography studies have begun to provide insight into the 3D structure of Girk channels, with resolution of the membrane-spanning and large portions of the intracellular domains of homomeric channels [11] [12] [13] [14] [15] [16] (Figure 1B ).
Functional implications of Girk channel diversity
In expression systems, Girk channels of various composition -including heteromers (Girk1/2, Girk1/3, Girk1/4,
